Successful propagation of in vitro four grape cvs. (Concord, Thompson Seedless, Beauty Seedless and King Ruby) through shoot tips and nodal cuttings was established. The best explants sterilization was achieved with 10% cholorox for 10 minutes. The combination of 1.0 mg/L BA and 0.01 mg/L NAA produced the maximum sprouting rate (100, 91.7, 100, 83.3%) and the least number of days for buds sprouting (6, 9, 5 and 11) of Concord, Thompson Seedless, Beauty Seedless and king Ruby cultivars, respectively. Additionally, the same medium induced the greatest average of shoots number/explants (5.50, 4.95, 5.27 and 4.69) and the highest shoot length (5.3, 5.2, 5.2 and 4.9 cm) for the four tested grape cvs. The third subculture induced the maximum response of sprouting frequency and the optimum average of shoot numbers/explants for the four examined cultivars. For rooting of in vitro shoots, Half strength MS medium supplied with 1.0 mg/L IBA resulted in the best root formation (90, 100, 80 and 70%) for Concord, Thompson Seedless, Beauty Seedless and King ruby cultivars, respectively.
Introduction:
Grapevine (Vitis spp.) is considered to be one of the most important horticulture fruit crop in the world. Grape in Egypt has a great importance for the economy, especially for high quality cultivars with early production for export. The amount of Egypt's exports of grapes represented an average of 2.58% from the total exported quantity of the fruits during the period from 2005 to 2009. Moreover, grapes are being usually propagated by stem cuttings and occasionally by layering and grafting. Propagation by traditional methods is slow process and cannot assist in development of new genotypes with desired traits. The application of modern biotechnological methods such as micropropagation have been approved to be a powerful complement to traditional methods; it is mainly used to promote rapid mass propagation, enhance the economic value of the desired genotypes guarantee the production of healthy and true to type mother plants (Bouquet and Torregrosa 2003) . Micropropagation appears to be a potential method of plant regeneration systems through embryogenesis and organogenesis. Thus it is necessary to optimize micropropagation procedure to facilitate in vitro regeneration for genetic engineering techniques with focus on plant growth regulators which have a significant role on growth and development of in vitro propagation of grapevine that in turn determine the best cytokinin type, concentration and the maximum number of subcultures is very critical for in vitro mass production.
Therefore, the aim of the present study was to develop a successful micropropagtion protocol for some grape cvs. including the evaluation of some growth regulators on culture establishment, multiplication and rooting and also to determine the maximum number of subcultures that maintain the propagation potential of the cultures without effect on the frequency and the quality of the propagation system. Furthermore, these experiments were conducted to realize the final objectives of this study to produce genetically engineered grapevines for tolerance to high temperatures.
Materials and Methods: Micropropagation of grapevines
Initiation of aseptic culture: Four grape cultivars, namely: Concord (Vitis lubrasca), Thompson seedless, Beauty seedless, and King ruby (Vitis vinifera) were used for this study. Nodal segments and shoot tips were collected from the greenhouse and dissected to remove leaves or tendrils and cut into pieces about 1-2 cm in length to prepare for surface sterilizing in order to obtain clean cultures. Explants were washed under running tap water with liquid soap solution for one hour followed by soaking in 70% ethyl alcohol for 3 minutes. After several rinses with distilled water, explants were treated with 5% or 10% (v/v) commercial bleach (cholorox) solution with two drops of tween 20 (a wetting agent, polyoxyethylene sorption monolaurate) for 5, 10 and 15 minutes under a laminar air flow-hood. Finally explants were rinsed three to four times with sterile distilled water for 5 min each.
Culture establishment:
In this experiment, explants were inoculated on MS medium which was used for propagation. MS medium was recommended for grapes micropropagation according to previous reports (Dzazio et al.; 2002; sajid and Anwar; Nookarago et al. 2008; El-Agamy et al. 2008) . Murashige and Skoog (1962) medium was fortified with two types of cytokinins (BA and Kin) at concentrations 1.0 or 2.0 mg/L individually or in combination with NAA at 0.01 mg/L.
The following growth parameters were measured:
1-Sprouting percentage (%). 2-Days to sprout. 3-Mean number of shoots/explants.
4-Length (cm) of the main shoots.
Multiplication of shoots: The new obtained shoots that grew into plantlets 4 weeks later were cut to obtain new nodal sections which were then transferred to MS fresh medium containing 1.0 mg/L BA and 0.01 mg/L NAA for shoot multiplication. Plantlets were sub cultured every 30 days. Five cycles were conducted to determine the best subculture that produced the maximum propagation rate (%).
Rooting of shoots: Elongated shoots were cultured in full or half strength MS medium supplemented with IBA at the following concentrations (1.0, 2.0, 3.0 mg/L) in order to study their rooting capacity (%). Totally 6 media were used (R1: 1.0 mg/L IBA+ 1/2 MS; R2: 2.0 mg/L IBA + 1/2 MS; R3: 3.0 mg/L IBA + 1/2 IBA; R4:1.0 mg/L IBA+ MS; R5:2.0 mg/L IBA + MS and R6: 3.0 mg/L IBA + MS) Surface sterilized explants were cultured vertically on Majenta boxes, containing 50 ml of Murashige and skoog (MS) medium supplemented with 30 g/L sucrose and 2.4 g /L gelrite. The pH of the media was adjusted to 5.7 with 1N NAOH or 1N KOH before adding the agar. Media were autoclaved for 20 min at a pressure of 1.1 kg/cm 2 and 121ºC.Growth regulators were filter sterilized and added to the medium after autoclaving and cooling at 55ºC.
All cultures were incubated in a controlled climate chamber at 26±1ºC in 16/8 h light/dark photoperiod with (80 µmol m -2 s -1 ) light intensity provided by cool white fluorescent tubes.
Statistical analysis:
For experimental data analysis, factorial experiment in a randomized complete block design (RCBD). Means were compared using the Least Significant Differences (LSD) test at 5% level of probability according to Gomez and Gomez (1984) .
Results and Discussion: Initiation of aseptic culture:
Obtaining clean cultures is a prerequisite for successful tissue cultures techniques. To solve the problem of contamination, two concentrations of chlorox (5 and 10%) for different periods (5, 10 and 15 min) were applied to the explants in table (1). The obtained results indicated that the concentration of 10% chlorox was superior to 5% chlorox in preventing contamination. Chlorox (10%) treatment resulted in 60, 100 and 100 % clean cultures for 5, 10 and 15 minutes, respectively, while chlorox (5%) treatment recorded 50, 70 and 80 % uncontaminated explants for 5, 10 and 15 minutes, respectively, without significant differences between both of them. Although chlorox (10%) treatment for both 10 and 15 minutes was effective in contamination inhibition, 15 minutes treatment duration caused higher browning (20%) to the cultured tissue than 10 minutes treatment (5% browning). In a similar study Jaskani et al. (2008) reported that the disin-festations treatment of explants of grape CV. Perlette with chlorox (10%) for15 minutes was the most suitable to get high aseptic cultures (96.3%). Alizadeh et al. (2010) found that the combination of 0.1% HgCl2 for 7 min, followed by 70% ethyl alcohol for 5 sec was the best treatment for surface sterilization of grape explants, while treatment duration over 7 min. caused explants necrosis. for Concord, Thompson Seedless, Beauty Seedless and King Ruby, respectively. The differences between BA and Kin treatments were significant. The addition of NAA alone or with BA enhanced shoot production compared to the presence of only BA in the medium. Moreover, the least number of days required for buds sprouting were achieved at the same media. Beauty seedless cultivar achieved the earliest bud sprouting in 5 days followed by Concord (6) days. The longest duration for bud sprouting was 24 days for King ruby when Kin was added to the media at 2.0 mg/L with 0.01 mg/L NAA. Several publications documented Benzylamino purine as the most effective cytokinin for culture establishment (Hu and Wang 1983; Heloir et al., 1997) . Similarly to our results, Tapia and Read (1998) documented that BA at 0.5 or 1.0 mg/L in combination with NAA at 0.01 mg/L responded the best medium for shoot formation in some grapes hybrids. The best culture establishment for deGrasset rootstock was 2.0 mg/L BA in MS-1 medium (Mukherjee et al. 2010) . The optimum mean of culture establishment for four different grape genotypes (59.5%) with the lowest mean of days to bud sprout (9.22) was obtained when nodal segments were cultured on MS supplied with 2.0 mg/L BAP + 0.2 mg/L NAA (Alizadeh et al. 2010) . Kin treatment re-sulted in significant reduction in sprouting rate with irregularly formed shoots. In contrast to these results, (Poudel et al. 2005) found that Kin was the most suitable cytokinin for in vitro propagation of two wild grapes. Whereas the combination of Kinetin with other cytokinins can be useful for culture intition of some genotypes; (Jamwal et al 2013) reported that the addition of BA at 1.0 mg/L with Kin at 1.0 mg/L to Ms medium produced the maximum culture establishment (86.66 %) with the lowest days (12) to sprout for Perlette grape cultivar, revealing that the response of grapevine to cytokinins is a genotype dependant. Shoot formation and shoot length on MS medium in response to the different combinations of cytokinins and NAA were also evaluated as represented in table (3). Different growth regulators combinations and concentrations had direct impact on cell division and expansion which on turn affect the shoot length (Gordon et al., 1975) . The obtained results revealed that BA induced higher values of shoots number/explant than Kin. For all studied cultivars, MS medium containing 1.0 mg/L BA and 0.01 mg/L NAA induced the highest mean number of shoots/explants 5.50 for Concord followed by 4.95 for Thompson Seedless. While, Beauty Seedless produced 5.27 shoot/explants and 4.69 for King Ruby. Moreover, the optimum shoots length 5.30 for Concord; 5.22 for Thompson seedless; 5.25 for Beauty seedless and 4.91cm for King Ruby were obtained from the same MS medium. King Ruby produced the lowest significant average of shoot numbers/ explants (3.68) compared to other cultivars. Furthermore, shoots that grew in MS medium containing Kin, had abnormal growth with curly leaves. Aazami (2010) results indi-cated that the maximum mean number of shoots per explants (3.8-5.4) was occurred on MS medium supplied with 1.5 mg/L BA and 1.0 mg/L IBA compared to MS medium containing BA or TDZ alone. Nookaraju et al. (2008) stated that BA alone at 2.22 MM on MS medium produced the highest number of shoots (8.1/explants) while, the addition of IAA at 1.61 MM to BA showed the maximum shoot height (4.97 cm) of Crimson seedless grape cultivar. In a further study, shoot elongation was increased when MS medium was fortified with IAA at 1.14 MM + BA at 2.22 MM compared to BA at 2.22 MM alone (Mhartte et al. 2000) . 
Multiplication of shoots:
In order to determine the optimum number of subculture to obtain the best cultures without affecting multiplication rate, propagation was continued by culturing explants for five cycles on fresh culture medium containing the same composition as shown in table (4). Data revealed that for all genotypes tested the maximum subcultures that did not affect the sprouting rate was the third subculture. The sprouting percentage was 100, 100, 100 and 87.5% for Con- (Ibanez et al., 2003) . High propagation rates with high concentrations of cytokinins were reported to increase the possibility of somaclonal variation (Silvestroni 1981; Mukherjee et al., 2010) . Near to our result, Torregrosa and Bouquet (1995) reported that above three subcultures reduction in propagation frequency with the formation of vitrified shoots were observed. Increase the number of subculters of Refosk genotype was reported to have negative influence on shoot elongation (Koruza and Jelaska 1993) . In contrast to our results, (Alizadeh et al., 2010) found the gradual increase in the multiplication rates was documented with elevated cycles till the eight subculture for different rootstocks. 
Rooting of shoots:
Although, shoots of in vitro grapes could spontaneously rooting without hormones (Lu 2005; 2015) , the supplementation of auxins on rooting medium positively enhanced rooting capability (Lawandowski 1991; Compoton and Gray 1994) . IBA has been the most widely used auxin in grape tissue cul-ture for rooting purpose (Helior et al., 1997; Hicks and Dorey 1998; Jaskani et al., 2008) . Data in table [5] demonstrated the effect of different IBA concentrations with half and full strength of MS medium on rooting percentage and the mean number of roots/explant. Rooting of in vitro shoots was occurred on all tested media with the different concentrations of IBA. R1 (1/2 strength of MS medium containing 1.0 mg/L IBA) and R2 medium (1/2 strength of MS medium containing 2.0 mg/L BA) significantly produced the best rooting capacity and the highest root numbers/explant. R1 recorded the rooting percentage (90, 100, 80 and 70%) with the optimum average of root numbers/explants (4.4, 6.1, 4.6 and 3.86) for Concord, Thompson seedless, Beauty seedless and King Ruby, respectively,. While R2 achieved the rooting percentage (90, 90, 70 and 70%) with the maximum average of root numbers/explants (4.11, 5.33, 4.14 and 4.0) for Concord, Thompson seedless, Beauty seedless and King Ruby, respectively. There was a de-crease in root frequency correlated by the increase of IBA level in both half and full strength of MS. These results disagree with (Tehrim et al., 2013) who found linear relationship between rooting rate and IBA concentrations. Half strength of MS medium was observed to be more valuable for root induction than full strength of MS. This might be due to the lower concentration of nitrogen in half strength MS which slower the vegetative growth and promote the growth of roots. Beura (2003) documented that half strength MS medium supplied with IBA 0.5 -1.0 mg/L was the best for in vitro rooting for most horticulture crops. These findings regard the strong role of IBA on rooting formation were in agreement with Zhang et al. (2006) ; Jaskani et al. (2008) ., While, Mukherjee et al. (2010) found that in comparison between three auxin types ( IAA, IBA and NAA), IAA (0.2 mg/L) promoted the best rooting (84%), whereas, NAA or IBA increased the callus formation of grape. 
